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(57) Abstract: 



PROBLEM TO BE SOLVED: To 
provide a low temperature co-fired 
ceramic assembly having a restricted 
core for minimizing shrinkage of the 
outer ceramic layer when firing. 

SOLUTION: The outer ceramic layer 
12, 18 has a high density circuit 
structure part and a ceramic core 15 
has several ceramic layers 14, 16. 
Several holes 28 are made in first and 
second ceramic layers and several 
low density circuit structure parts 25, 
27 are arranged on the ceramic layer 
forming the core. The outer ceramic 
layers are formed on and under the 
ceramic core. The outer ceramic layer 
has a via hole 28 and a high density 
circuit structure part 25, 26. The 
circuit structure part patterned to the 
ceramic layer includes a resistor 27, a 
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capacitor 25, a circuit line 26, a via, 
an inductor 34, or a bond pad 32. At 
first, the ceramic core is fired in a 
furnace and then an outer layer is 
formed thereon and fired. The 
ceramic core controls shrinkage of 
the outer ceramic layer when firing 
and the high density circuit structure 
part can be provided on the outer 
layer. 
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1 Title of Invention 

LOW TEMPERATURE CO-FIRED CERAMIC 
WITH IMPROVED REGISTRATION 

2 Claims 

1. A multilayered low temperature co-fired ceramic assembly with high density circuit 
features, comprising: 

a) a ceramic core including: 

a1 ) at least a first and a second ceramic layer; 

a2} a plurality of via holes located in the first arxj second ceramic layers; and 
a3} a plurality of low density circuit features located on the first and second 
layers; and 

b) at least a third and a fourth ceramic layers, the ceramic core disposed between 

the third and the fourth ceramic layers, the third and the fourth ceramic layer 
including: 

b1) a plurality of via holes in the third and fourth ceramic layers; and 
b2) a plurality of high density circuit features on the third and fourth 
. ceramic layers. 
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2. The multilayered low temperature co-ftred ceramic assembly according to claim 1 , 
wherein th circuit features are selected from the group consisting of: 

a) resistors; 
t>) capacitors: 

c) circuit lines; 

d) vias; 

e) inductors; or 

f) bond pads. 

3. The multilayered low temperature co-fired ceramic assembly according to claim 1 . 
wherein the assembly Is fired at a temperature between 700 and 900 degrees Celsius. 

4. The multilayered low temperature co-fired ceramic assembly according to claim 1 , 
wherein the ceramic core shrinks in three axes during firing. 

5. The multilayered low temperature co-fired ceramic assembly according to claim 4, 
wherein tiie third and fourth ceramic layers shrink as to converse mass in a z axis and from 
.8% to 1 .2% in an x and y axes. 



2. 
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6. A method of making a multilayered low t mperature co-fired ceramic assembly with 
hign density circuit features, comprising: 

a) providing at least a first and a second ceramic layer; 

b) punching a plurality of via holes in the first and second ceramic layers: 

c) screen printing a plurality of low density circuit features on the first and second 

layers; 

d) stacking the first ceramic layer onto the second ceramic layer, 

e) firing the first and second ceramic layers in a furnace in a furnace such that a 

ceramic core is fonmed; 
f} providirig at least a third and a fourth ceramic layer. 

g) punching a plurality of via holes in the third and fourth ceramic layers; 

h) screen printing a plurality of high density circuit features on the third and fourth 

ceramic layers: 

i) stacking the ceramic core onto the fourth ceramic layer and stacking the third 

ceramic layer onto the ceramic core; and 
j) fthng the third and fourth ceramic layers and the ceramic core in a furnace such 
that the assembly is formed, the assembly having high density circuit 
features. 



« 
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7. The method of making a multiiayered low temperature co-fired ceramic assembly 
according to daim 6, wherein th cirxxiit featur s are selected from th group consisting 
of: 

a) resistors; 

b) capacitors; 

c) circuit lines; 

d) vias; 

e) inductors; or 

f) bond pads. 

8. The method of making a multiiayered low temperature co-fired ceramic assembly 
according to claim 6, wherein the assembly is fired at a temperature between 700 and 900 
degrees Celsius. 

9. The multiiayered low temperature co-fired ceramic assembly according to ciaim 6, 
wherein the ceramic core shrinks in three axes during firing. 

10. The multiiayered low temperature co-fired ceramic assembly according to claim 9, 
wherein the third and fourth ceramic layers shrink as to consen/e mass during firing in the 
z axis and from .8% to 1.2% in the x and y axes. 

m 



(11) 000-332156 

3 Detailed Description of Invention 

BACKGROUND OF THE PREFERRED EMBODIMENT(S) 

This inventjon generally relates to ceramic eiectronic packaging. Specifically, 
there is a multila/ered low temperature co-fired ceramic assembly (LTCC) with a 
constraining core to minimize shrinkage of outer ceramic layers during firing. The outer 
ceramic layers have high density ctrcuit features patterned thereon. 

Various devices are well known for providing ceramic packages for semiconductor 
devices and passive components. One of the prior art designs is a low temperature co- 
fired ceramic (LTCC] substrate. Th6 LTCC ceramic is made of layers of ceramic material, 
which in an unfired state, are called green tapes. Circuit lines, resistors, capacitors, 
bonding pads and vias are created on the surface and in holes of the green tapes by 
Gonventior^ thick film screening techniques. The layers are stacked on top of each other 
laminated and fired at a relatively low temperature in a furnace. During firing, the LTCC 
shrinks along the x. y and z axes typically 10-20 percent depending upon the LTCC 
formulation. 

Despite the advantages of the prior art LTCC designs, problems occur with the 
registration or alignment of the circuit lines and components on the exterior surfaces 
during manufacturing. During firing, the shrinkage of the LTCC causes the external 
features to vary with resF)ect to taie position. This true position error can cause 
misalignment when attaching components or printing post-fire materials, resulting in a 
defective part that is non-repairable and has to be discarded. 
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Description of Related Art 

Examples of a patent r lat d to the present invention is as follows, and is herein 
incorporated by reference for related and supporting teachings: 

U.S. patent no. 5,518,969. is a process for producing iow shrink ceramic 
compositions. 

The foregoing patent reflects the state of the art of which the applicant is a>A^e and 
is tendered with the view toward discharging applicants' acknowledged duty of candor in 
disclosing information that rr>ay be pertinent in the examination of this application, it is 
respectfully stipulated, however, that this patent does not teach or render obvious, .singly 
or when considered in combination, applicants' claimed invention. 

SUMMARY 

It is a feature of the invention to provide a tow temperature co-fired ceramic 
assembly (LTCC) with a constraining core to minimize shrinkage of outer ceramic layers 
during firing. 

A further feature of the invention is to provide a multilayered low temperature co- 
fred ceramic assembly that has high density circuit features. A ceramic pore Includes a 
first and a second ceramic layer. Several via holes are located in the first and second 
ceramic layers. Several low density circuit features are located on the first and second 
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layers. A third and a fourth ceramic layers have the oeramic oor locat d in between. The 
third and the fourth ceramic layers have several via holes and high density circuit features. 
Th drcuit features are selected froin the group of resistors, capacitors, circuit lines, vias, 
inductors, or bond pads. 

A further feature of the invention is to provide a method of making a multilayered 
low temperature oo-fired ceramic assembly with high density circuit features, the method 
includes: providing at least a first and a second ceramic layer; punching a plurality of via . 
holes in the first and second ceramic layers; screen printing a plurality of low density 
circuit features on the first and second layers; stacking the first ceramic layer onto the 
second ceramic layer; firing the first and second cerarriic layers in a furnace such that a 
ceramic core is formed; providing at least a third and a fourth ceramic layer; punching a 
plurality of via holes in the third and fourth ceramic layers; screen printing a plurality of 
high density circuit features on the third and fourth ceramic layers; stacking the ceramic 
core onto the fourth ceramic layer and stacking the third ceramic layer onto the ceramic 
core; and firing the third and fourth ceramic layers and the ceramic core in a furnace such 
that the assembly is formed. The assembly has high density circuit features. The circuit 
features are selected from the group of: resistors, capacitors, circuit lines, vias, 
inductors, or bond pads. 

The invention resides not in any one of these features per se, but rather in the 
particular combination of all of them herein disclosed and claimed. Those skilled in 
the art will appreciate that the conception, upon whk;h this disclosure is based, may 
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readily be utilized as a basis for the designing of other structures, methods and 
systems tor carrying out the several purposes of the present invention. Further, the 
abstract is neither intended to define the invention of the application, which is 
measured by the claims, neither is it intended to be limiting as to the scope of the 
invention in any way. 

These and other features of the invention can best be understood by the following 
description of the accompanying drawings. 




It is noted that the drawings of the invention are not to scale. The drawings are 
merely schematic representations, not intended to portray specific parameters of the 
invention. The drawings are intended to depict only typical embodiments of the invention, 
and therefore should not be considered as limiting the scope of the invention. The 
invention will be described with additional specificity and detail through the accompanying 
drawings. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to figures 1 and 2, a multilayered low temperature co^fired ceramic 
(LTCC) assembly 10 is shown. LTCC ceramic layers 14 and 16 have outer surfaces 14A, 
14B and 16A and 16B, respectively. Layers 14 and 16 are conventional LTCC green 
tapes. An example of layers 14 and 16 is 951 Green Tape (tm) commercially available 
from Dupont Corporation. Electronic Materials Division, Wilmington, Delaware. Layers 
12 and 16, by themselves, shrink from 8 to 12 percent during firing in all axes. 

Various circuit features and passive electronic components can be included on 
layers 14 and 16 if desired. The circuit features pattenned on layers 14 and 16 are called 
non-critical or low density circuit features. They are larger in dimension, spaced farther 
apart and have lesser registration requirements than the circuit features on other layers. 
A buried resistor 27 is shown on surface 16A. A via 28 connects resistor 27 with bottom 
surface 16B. A buried inductor 34 Is shown on surface 165. Another via 28 connects 
inductor 34 to bottom surface IdB. These are some examples of the circuit features and 
components that can be fabricated on assembly 1 0. Resistors 27, inductor 34 and vias 
28 are made from conventiorul thick film conductor materials and are applied by 
conventional thick film screening and curing techniques. After circuit features have been 
applied, layers 14 and 16 would be stacked on top of each other or laminated and fired in 
a furnace to form a ceramic core 15. ' . 

LTCC ceramic layers 12 and 18 have outer surfaces 12A. 128 and ISA and 18B. 
respectively. Layers 1 2 and 1 8 are conventional LTCC green tapes. An example of layers 

T 
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12 and 18 is 951 Green Tape (tm) comm rcially available from Duponl Corporation, 
Electronic Materials Division. Wilmington, D laware. An electrode 25 is located on 
surface 12A. Another lectrode i& located on surface 12B. Electrodes 25 form a capacitor. 
A via 28 connects fcxjried electrode 25 to bond pad 32 on outer surface 1 8B. A circuit line 
26 is located on surface 12A. Via 28 connects an end of circuit line 26 to bond pad 32 on 
outer surface IBB. Bond pads 32 can connect to a semiconductor device if desired, a 
resistor 27 is shown on surface 18B. Circuit lines 26, bond pads 32 and vias 28 connect 
with other circuit lines (not shown) or components (not shown) on the LTCC device 10. 
The drojit features on layers 12 and 16 are made from conventional thick film conductor 
materials and are applied by conventkxia] thick film screening arKi curing techniques. 
These drcutt features and pomponents on layers 1 2 and 1 8 are patterned in a high density 
configuration ^Mth small dimensions and have to be held to precise tolerances for post-fire 
processing. If shrinkage is not precisely controlled, post-fire materials or pieced 
components will be mis-registered, resulting in an electrical open or short. 

After circuit features have been applied to layers 12 and 16, cenamic core 15 is 
stacked on layer 1 8 and layer 1 2 is stadoed or laminated on top of ceramic core 1 5 to form 
assembly 10. Assembly 10 is then fired in a furnace to form assembly 1 0. Again, these 
drcuit features and components have to be held to predse registration and tolerance. In 
the case of a mis-alignment among the drcuit components, an open or a short may result. 
The combination of the ceramic core 15 between the layers 12 and 18 causes a change 
in the shrinkage rate of the layers 12 and 18 during firing. Layers 12 and 18 shrink only 
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.8 to 1,2. percent in tho xand y ax s during firing. Layers 12 and 18 do not shrink at their 
normal 10 to 12 percent rate In the z-axis direction. Layers 12 and 18 shrink at a much 
higher rat in the z-axis of about 40 to 60 percent in order to arrive at a rrarmal density 
after firing. Layers 12 and 18 shrink as to conserve mass. The layers 12 and 18 shrink 
during firing to maintain a normal fired density of ^eater than 90 percent of the theoretical 
fully compacted density. The ceramic core 15 maintains its fired dimensions or shrinks 
slightly on the order of .8 to 1^ percent in the x, y and z axes. Ceramic core 15 
constrains the shrinkage of layers 12 and 1 8 to that of the ceramic core 1 5 in the x and y 
directions. The resulting assembly 1 □ after tiring is able to have higher densities, smaller 
dimensions and to better hold registration and tolerances for circuit features placed on 
layers 12, 14 ,16 and 18. The better registration results in improved yields, better quality, 
less rejects, less scrap and lower costs of manufacturing. 

LTCC assembly 10, of figures 1 and 2 can be assembled as follows: The first step 
is to punch vias 28 into layers 12, 14, 16 and 18. The vias 28 are then screen filled with 
a conductive material on each of layers 12, 14, 18 and 1 B. Next, electrodes 25. resistors 
27, circuit lines 26, txsnd pads 32 and inductors 34 would be screened onto surfaces 12A. 
12B. 14A, 14B, ISA, 16B, ISA and 188. Layers 14 and 16 would be stacked and 
laminated under heat and pressure onto each other. Layers 14 and 16 are fired in a 
furnace at a temperature between 700 and 900 degrees Celsius to form ceramic core 1 5. 
Ceramic core 15 is stacked onto layer 18 and layer 12 is stacked onto ceramic core 15. 
Next, Layers 12. 18 and core 15 are laminated under heat and pressure. Layers 12, 18 

// 
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and ceramk: cor 1 5 are fired in a furnace at a temperatur b tween 700 and 900 degrees 
Celsius to oompiet assembly 10. 

Variations of the Preferred Embodiment(s) 

One of ondinary skill in the arts electronic packaging and electronic ceramics, will 
realize many advantages from using the preferred embodiment. Further, one of ordinary 
skill in the art will realize that there are many different \A/ays of accompitshing the preferred 
embodiment For example. It is contemplated that more than two layers 14 and 16 could 
t>e stacked to form core 15.. Similarly, more than two layers 12 and 1 8 could be stacked 
on core 1 5. It also is possible to stack several units. of assembly 1 0 on each other and 
then fire the overall unit. 

The embodiment shows the use of vlas 28 to make electrical connections. Other 
electrical connections could be used such as pressed in pins. 

Even though the embodiment discusses the use of low temperature co-firad 
ceramics, other ceramics could be used such as high temperature ceramics. 

Even though the embodiment discusses the use of certain circuit features, other 
circuit features or passive components could be used such as waveguides, surface 
acoustic devices, resonators, or mixers. Further, it is contemplated that semiconductor 
devices could be mounted on the outer surfaces 12A or 18A. Semiconductor devices 
could also be tsuried within the layers of assembly 10. 
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NA/hile the invention has been taught with specific reference to these 
emtsodiments. someone skilled in the art will recognise that changes can be made in form 
and detail without departing from the spirit and the scope of the invention. The desaibed 
embodiments are to be considered in all respects only as illustrative and not restrictive. 
The scope of the invention is, therefore, indicated by the appended claims rather than by 

» 

the foregoing description. All changes that come within the meaning and range of 
equivalency of the claims are to be emfc)raced within their scope. 

V 
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4 Brief Description of Drawings 

Figure 1 is a side cross sectional view of the preferred embodiment of a (ow 
temperature co-fired ceramic assembly (LTCC) with Improved registration. 

Figure 2 is a diagram showing an assembly sequence of the assembly of figure 1 . 
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1 Abstract 

A low temperature co-fired ceramic assembly (LTCC) with a constraining core to 
minimize shrinkage of outer ceramic layers during firing. The outer ceramic layers have 
high density circuit features. A ceramic core includes several ceramic layers. Several via 
holes are located in the ftrst and second ceramic layers. Several low density circuit 
features are located on the ceramic layers that make up the core. Outer ceramic layers 
are pieced top and bottom of the ceramic core. The outer ceramic layers have via holes 
and high density circuit features. The circuit features patterned on the ceramic layers 
include resistors, capacitors, circuit lines, vias, inductors, or bond pads. 
The ceramic core is fired first in a furnace. The outer layers are then laminated to the 
ceramic core and fired. The ceramic cona controls the shrinkage rate of the outer ceramic 
layers during firing aUowing higher density circuit features on the outer layers. 



2 Representative Drawing 
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